Positional isomerization, an inducement leading to instability of phenylethanoid glycosides (PhGs) containing the caffeoyl moiety linked to C-3/4 of the central saccharide, is reported. Magnolosides M, A and F from Magnolia officinalis were found to be transformed into their isomers magnolosides A, D, M and B, respectively, which indicated that PhGs containing the caffeoyl moiety linking to C-3/4 of the central saccharide were unstable, and the caffeoyl group could be transferred to either C-4/3 or C-6 of the central saccharide. In addition, among the factors of temperature, solvent type and exposure time in solvent, temperature was found to play a critical role in initiation of positional isomerization of PhGs. In order to retard this isomerization, the temperature should be lower than 40°C during the final purification stages of PhGs.
Phenylethanoid glycosides (PhGs) are a class of water-soluble compounds widely distributed in medicinal plants. They are characterized by a phenethyl alcohol (C 6 -C 2 ) moiety attached to a βglucopyranose/β-allopyranose via a glycosidic bond. Substituents such as aromatic acids and various saccharides are linked to the core structure through either ester or glycosidic linkages, respectively. The structural diversity of PhGs result in their diverse bioactivities, especially neuroprotective [1] , anti-inflammatory [2] , antioxidant [3] , antibacterial and antivirus [4] , cytotoxic [5] , immunomodulatory [6] , and enzyme inhibitory effects [7] .
The stem bark of Magnolia officinalis Rehd. et Wils. is a traditional Chinese medicine, which is known as Houpo. Recently, our group reported the isolation and identification of many PhGs from Houpo, and relative pharmacological investigations revealed that PhGs were one of the active constituents [8, 9] . During the final preparation process of PhGs, some of them were found to be unstable. An example is shown in Figure 1 ; compound 1 enriched in fraction A was easily transformed into compounds 2 and 3 during preparation. PhGs were reported to be susceptible to hydrolysis and enzymatic degradation in acute environments ascribed to either their ester or glycosidic linkages [10, 11] . However, we speculated that there may be other reasons leading to the instability, and further investigations needed to be performed. Compounds 1-3 were then isolated and their structures elucidated as magnolosides M, A and D, respectively on the basis of 1 H and 13 C NMR spectra and comparison with literature data [8] .
Magnolosides M, A and D are isomers, which indicated that magnoloside M containing the caffeoyl moiety linking to C-4 of allose can be transformed into magnolosides A and D, which contain the caffeoyl moiety linked to C-3 and C-6 of allose, respectively. In other words, PhGs containing a caffeoyl moiety substituted at C-4 of the central saccharide were unstable, and positional isomerization induced the instability of PhGs.
The stability of magnoloside F, whose structure is similar to that of magnoloside M except for an additional glucose linked to C-6 of allose, was also investigated to verify the effect of positional isomerization. It was found that one additional peak emerged in a time-dependent manner in the HPLC profile in both 35% methanol/H 2 O and 12% acetonitrile/H 2 O at room temperature at three time intervals (0, 3 and 9 days). Compared with the retention time of the authentic standard, the additional compound was identified as magnoloside B which contained the caffeoyl group substituted to C-3 of allose. Similarly, the stability of magnoloside A, containing a caffeoyl group linking to C-3 of allose, was investigated; the results verified the effect of positional isomerization on the instability of PhGs containing a caffeoyl moiety substituted at C-3/4 of the central saccharide. Diagrams of positional isomerization of magnolosides M, F and A are shown in Figure 2 .
Further, the parameters (i.e., temperature, solvent type and exposure time in solvent) causing the positional isomerization were studied. It was shown that magnoloside M was relatively stable at room temperature and 40°C, while the type of solvent played a less important role in initiation of positional isomerization. However, the time-dependent emergence of magnolosides A and D and the time-dependent reduction of magnoloside M were detected in chromatograms when the temperature reached 60°C in 35% methanol/H 2 O (Figure 3 ). Meanwhile, isomerization occurred with magnoloside M dissolved in 35% methanol/H 2 O containing 0.1% HCOOH at 60°C (Figure 4 ), though the transformation was slight compared with that of a sample in 35% methanol/H 2 O without 0.1% HCOOH. Furthermore, in Figure 3 , the peak area of magnoloside A was higher than that of magnoloside D, which indicated that the caffeoyl group was more easily shifted to C-3 from C-4 of allose. The combined data showed that temperature played a more critical role in initiation of isomerization of magnoloside M among the parameters of the type of solvent and exposure time in solvent. Finally, the stability of magnolosides A and D in 35% methanol/H 2 O at 60°C was studied. Magnoloside A was found to be transformed into magnolosides M and D, with the amount of magnoloside M being higher than that of D, while magnoloside D was relatively stable. All the data indicated that PhGs containing a caffeoyl group linking to C-3/4 of allose were unstable.
Wölkart et al. [12] reported that echinacoside, which contains the caffeoyl moiety linking to C-4 of the core saccharide, was highly susceptible to enzymatic degradation and oxidation in hydroalcoholic solutions during the extraction process. However, no degradation product was observed in his experiment, and the content of caffeic acid, one possible hydrolysis product, did not increase during incubation. So, isomerization may be another reason to explain the void of echinacoside in commercially prepared extracts. Jia et al. [11] also found that echinacoside in biological samples was susceptible to degradation at a higher temperature during the whole process and the operation must be carried out carefully at lower temperatures. According to our results, echinacoside may also be subjected to isomerization under the conditions of higher temperature. Positional isomerization served to highlight that PhGs containing the caffeoyl moiety linked to C-3/4 of a central saccharide were unstable. Among the parameters of temperature, the type of solvent and exposure time in solvent, temperature was found to play a more critical role in initiation of the transformation. The temperature was consequently suggested to be lower than 40°C during the final purification stages of PhGs. Regardless of the type of solvent, it is advisable to reduce PhGs' exposure time in solvent whenever possible to minimize the potential transformation.
Experimental
General: Analytical HPLC was conducted on a Waters 2695 pump system equipped with a Waters 2996 photodiode array detector (Waters, Milford, MA, USA). Preparative HPLC was performed using a Waters 600 pump, a Waters 2487 detector. 1 H and 13 C NMR spectra were taken on a Bruker AVIIIHD 600 spectrometer with the solvent peak used as reference (Ettlingen, Germany). HPLC grade methanol and acetonitrile from Fisher (Fair lawn, NJ, USA) were used for HPLC. Water was purified with a Milli-Q water purification system (Millipore, Bedford, MA, USA). Isolation and identification of unstable phenylethanoid glycoside and its isomerized forms: Fr. A, mainly containing compound 1, was obtained from previous work. It was subjected to semipreparative HPLC with MeOH-H 2 O (35:65, v/v) containing 0.1% HCOOH to obtain Fr. B. HPLC analysis of Fr. B showed the emergence of 2 additional peaks, whose retention times were vastly different from that of the main peak (compound 1) (Figure 1) . Then, Fr. B was re-applied to semi-preparative HPLC with MeCN-H 2 O (18:82, v/v) containing 0.1% HCOOH as eluent, giving compounds 1, 2 and 3. The structures of compounds 1-3 were elucidated by 1 H and 13 C NMR spectra, as well as by comparison with literature data.
Investigation of parameters leading to positional isomerization:
The parameters leading to positional isomerization of compound 1 were investigated, including the type of solvent, exposure time in solvent and the processing temperature. Compound 1 (0.7 mg) was respectively dissolved in 1 mL of H 2 Natural Product Communications Vol. 11 (12) 2016 1863 at 3 time intervals (0, 3 and 9 days). After that, compound 1 (0.7 mg) was dissolved in 1 mL of 35% methanol/H 2 O and 35% methanol/H 2 O containing 0.1% HCOOH, respectively, at 40 and 60°C, and the sample solutions were analyzed by HPLC at 5 time intervals (0, 2, 4, 7, and 13 h). To determine the stability of magnoloside M in solution containing 0.1% HCOOH at 60°C, the sample solution was further analyzed at time intervals of 24, 36, 48 and 53 h. Magnoloside F (0.7 mg) was also respectively dissolved in 1 mL of 35% methanol/H 2 O and 12% acetonitrile/H 2 O at room temperature, and the sample solutions were analyzed by HPLC at 3 time intervals (0, 3 and 9 days). To study the stability of compounds 2 and 3, both of them (each 0.7 mg) were respectively dissolved in 1 mL of 35% methanol/H 2 O at 60°C, and the sample solutions were analyzed by HPLC at 2 time intervals (0 and 13 h).
